ABSTRACT The value of determination of pleural fluid glucose, pH, lactic dehydrogenase, IgG, IgA, IgM, C3, C4, anti-IgG antibody, and hydroxyproline in distinguishing between pleural effusions caused by rheumatoid arthritis (RA) and those resulting from other diseases was studied. The series comprised seven patients with RA and 115 patients with other diseases including systemic lupus erythematosus, tuberculosis, malignant disease, empyema, pneumonia, congestive heart failure, and nonspecific pleural effusion. The low glucose concentration, the low pH and the low C4 level in rheumatoid pleural effusion were the most valuable diagnostic findings. The presence of anti-IgG antibody in pleural fluid was not specific for RA. The concentration of hydroxyproline in pleural fluid and the pleural fluid-to-plasma hydroxyproline ratio were significantly higher in RA than in tuberculosis and malignant disease. The results support the view that local metabolic and immunological phenomena as well as a high turnover of collagen occur in the pleural cavity in RA.
Although pleuritis is the most common intrathoracic manifestation of rheumatoid arthritis (RA), pleural effusions occur in only 2-3% of patients. '2 The rheumatoid pleural effusion usually occurs during the course of a previously diagnosed RA. It may, however, be the first manifestation of the disease,2 or occur secondarily to a complicating process, such as infection or neoplasia. It always presents a diagnostic problem.
Immunoglobulins are thought to diffuse from blood to pleural fluid in the same way as the other serum proteins,3 4 but the possibility of local synthesis in the pleural fluid or in the pleural membrane has not been ruled out. Anti-IgG antibody (rheumatoid factor) in pleural fluid is usually seen in patients with seropositive RA,5 and also in some patients with pneumonia, tuberculosis, or malignant disease. 6 The reduced complement levels7 8 and presence of soluble immune complexes910 in pleural fluid from patients with RA and systemic lupus erythematosus (SLE) suggest that local immunological mechanisms are involved in the pathogenesis of pleuritis in these diseases.
Eighteen patients were excluded because their pleural fluid was incompletely investigated. Pleural fluid was obtained by intercostal needle puncture, after which a pleural biopsy as described by Abrams20 was taken on suspicion of granulomatous or malignant disease. Samples of all pleural fluids were analysed cytologically, stained, and cultured for the presence of bacteria, including Mycobacterium tuberculosis. The diagnosis was based on clinical, radiological, and laboratory findings (including those obtained during a follow-up period of not less than one year).
Paired samples of serum and pleural fluid were obtained from all patients. Total protein was determined by the biuret reaction. Glucose concentration, pH, and lactic dehydrogenase activity were measured immediately after thoracentesis. Glucose was determined by a standard technique (Glox, Kabi Diagnostica, Sweden). Samples for determination of pH were collected anaerobically in heparinised glass capillary tubes. The pH was then measured with an ABL 2 radiometer (Copenhagen, Denmark). Lactic dehydrogenase activity was assessed by a kinetic method (Kabi, Sweden). Samples were then stored at +4°C for a maximum of seven days. Immunoglobulins IgG, IgA, and IgM and complement components C3 and C4 were determined by radial immunodiffusion2' (Tri-Partigen and M-Partigen plates, Behringwerke, West Germany). Anti-IgG antibody was determined by the Rose-Waaler fixation test. DNA antibody level was determined with a modified Farr RIA technique. 22 Total hydroxyproline was determined in pleural fluid and plasma from 111 patients according to the method of Kivirikko et al. 23 The patients were divided into the following groups on the basis of the final diagnosis.
Seven patients (all men: mean age, 54 years; range, 44 to 70 years) had RA as diagnosed according to the criteria of the American Rheumatism Association (ARA). In four patients the diagnosis had been made before the development of pleural effusion. In one patient the pleuritis and arthritis occurred simultaneously. In two patients the pleural effusion was the first manifestation of the disease. These patients developed classical RA after one month and two years respectively. All these seven effusions were sterile on culture. Pleural biopsy was performed on two patients and showed nonspecific inflammatory changes in both. Two effusions disappeared without specific treatment and the other five disappeared after corticosteroid therapy.
Four patients (mean age, 46 years; range 18 to 67 years) had active SLE according to the criteria of the ARA. Three of these patients had joint symptoms (arthralgia or synovitis) but none had clinical signs of nephritis (proteinuria, haematuria, or renal insufficiency) at the time of the pleural effusion. Antinuclear antibodies and elevated anti-DNA antibody levels as well as hypocomplementaemia were present in the sera of three patients. In the fourth patient pleural effusion and a low C4 level in serum were the first manifestations of the disease; this patient later developed a nephrotic syndrome and a renal biopsy showed a membranous glomerulonephritis.
Twenty 
Results
Clinical and laboratory data of the patients with rheumatoid pleural effusion are shown in tables 1 and 2. On the basis of their protein concentration and lactic dehydrogenase activity all seven effusions were classifiable as exudates. Pleural fluid glucose was low in six patients, four of whom had had symptoms related to pleuritis for two months or longer, and was normal in one patient whose pleuritic symptoms had persisted for three weeks before thoracentesis. All five effusions investigated demonstrated acidosis (pH < 7-30). The total leucocyte count of the effusions varied greatly. Lymphocytic predominance (>50% of all leucocytes) was seen in five, neutrophilic in one, and eosinophilic in one. In two patients, the concentration of IgG was higher in 
C3 ( Conversion: SI to traditional units-Hydroxyproline: 1 jsmol/R = 13-1 ,ug/100 ml. pleural fluid than in serum and one of these patients also had a higher IgM level in pleural fluid than in serum. C3 levels were markedly decreased in three and C4 levels were very low in all seven effusions. Anti-IgG antibody was present in serum from all patients and in six of the effusions. The concentration of hydroxyproline in all patients was greater in pleural fluid than in plasma.
The Rheumatoid arthritis Congestive heart failure 11 27-7 ± 6-6 NS 6-0 + 2-2 NS 1-2 ± 0-6 <0-005 Nonspecific pleural effusion 33 21-9 + 5-2 <0-05 5-1 ± 3-3 NS 2-6 ± 2-7 NS *p = probability value compared with rheumatoid arthritis (Student's t test)
tMean ± SD NS = not significant and one with congestive heart failure and klebsiella septicaemia). C3 levels were not depressed in any of these 10 fluids. The concentration of C4 was low (range 0-06 to 0-10 g/l) in four of these fluids. The concentration of total hydroxyproline in the plasma from all patient groups corresponded to the reference values (table 6). In patients with RA, tuberculosis, and nonspecific pleural effusion the concentration of hydroxyproline was significantly greater in pleural fluid than in plasma (p < 0-001, p < 0-005, and p < 0-001, respectively). Comparison of various diseases showed that patients with RA had a significantly higher pleural fluid hydroxyproline concentration and a significantly higher pleural fluid-to-plasma hydroxyproline ratio than patients with tuberculosis or malignant disease.
Discussion
Although RA is three times more common in women than in men, the majority of patients with rheumatoid pleural effusion are men and most are middle-aged. they create the optimal milieu for the acid hydrolases, which are involved in the tissue breakdown in the rheumatoid joint. Increased pleural capillary permeability in the areas of the rheumatic nodules is probably responsible for the formation of pleural fluid in RA. The concentrations of proteins in pleural fluid are usually 30 lower than the corresponding values in serum. 0 In the same way as other proteins, immunoglobulins are thought to diffuse from blood to pleural fluid in inverse proportion to their molecular weight.34 In our study the presence of anti-IgG antibody in blood and pleural fluid in two patients in whom pleural effusion was the first and only manifestation of the rheumatic disease indicates that cells in the pleural membrane, like cells in the synovial membrane, 3' can synthesise immunoglobulins in RA. Rheumatoid pleural fluid usually does not contain plasma cells but has a considerable lymphocyte population.'9 As most of them are T lymphocytes,32 pleural fluid lymphocytes probably do not contribute significantly to the immunoglobulin content of the fluid.
Determination of immunoglobulins in pleural fluid was of limited value in the differential diagnosis of pleural effusions. The lower concentration of IgM in malignant effusions than in rheumatoid effusions is, however, worthy of note. More significantly, the low C3 level in pleural fluid distinguished RA from all other diagnoses, except SLE and empyema. Determination of the C4 concentration in pleural fluid proved even more helpful; it was significantly lower in RA than in any other disease.
The reduced complement levels in rheumatoid pleural effusions but normal levels in blood is in agreement with the presence of immune complexes in pleural fluid and points to the importance of local immunological processes in the pleura.9 10 Our data agree with earlier reports that complement activation in rheumatoid pleural effusion occurs essen- 37 In patients with RA the hydroxyproline concentration in synovial fluid correlates positively with the activity of the disease38 and with the number of lymphocytes in synovial fluid. 39 We observed that patients with RA, tuberculosis, and nonspecific pleural effusion had significantly higher concentrations of hydroxyproline in pleural fluid than in plasma, which suggests that a local turnover of collagen occurs in the pleural cavity in these disease states. It has been shown that lymphocytes produce a factor which stimulates collagenase production by rheumatoid synovial cells in vitro.40 The high hydroxyproline concentration and the high pleural fluid-to-plasma hydroxyproline ratio in rheumatoid pleural effusion could be initiated by local lymphocyte activity in the pleural fluid or in the pleural membrane. In the differential diagnosis of pleural effusions the determination of hydroxyproline in pleural fluid distinguished rheumatoid pleural effusion from those of tuberculous and malignant origin.
In conclusion our results show that determination of glucose, pH, and C4 in pleural fluid are the three most valuable tests in the diagnosis of pleural effusion in RA. The present study also indicates that in RA a high turnover of collagen takes place in the pleural cavity. The question of the unitary concept of rheumatoid inflammation will be better understood by further studies on the articular and extraarticular manifestations of the disease.
